We present a high-energy study of the intriguing COS-B γ-ray field, 2CG 075+00, in order to search for possible counterparts. New EGRET data show that the COS-B emission probably corresponds to two localized γ-ray sources, 3EG J2016+3657 and 3EG J2021+3716. Spectral fits to these EGRET sources, assuming a power-law model, yield photon indices of ∼ 2 for each object. We examine archival ROSAT and ASCA X-ray data which overlap both EGRET error boxes, and find several point sources in the region to a flux limit of approximately 6.5 × 10 −13 erg cm −2 s −1 . We conclude that the most probable candidate for 3EG J2016+3657 is the compact, variable, flat-spectrum radio and millimeter source B2013+370 (G74.87+1.22) which has blazar-like properties.
Introduction
Since the first surveys of the γ-ray sky with the COS-B satellite the nature of most γ-ray sources remain a mystery, as few of these sources have firmly established counterparts at any other waveband (Swanenburg et al. 1981) . With the launch of the Compton Gamma Ray Observatory (CGRO) in 1991, improved surveys at relatively higher angular resolution in the γ-ray band was made possible. In particular, a systematic survey of the γ-ray sky, including the COS-B source regions was carried out with the on-board EGRET (Energetic Gamma-ray Experiment Telescope) instrument at energies above 100 MeV. EGRET has so far detected 271 sources of high energy γ-rays in the third EGRET (3EG) catalog (Hartman et al. 1999) , of which 169 remain unidentified (74 of these are at |b| < 10
• ), with no convincing counterparts at other wavelengths. Surprisingly, only two of the unidentified COS-B sources have been subsequently associated with EGRET sources, and both are pulsars, namely Geminga (Bertsch et al. 1992) , and 2CG 342-02 (PSR B1706-44) (Thompson et al. 1992) . A third source, PSR B1046-58, could possibly be the candidate for identification of 2CG 288-00 (Kaspi et al. 2000) .
To date, the only sources of high energy γ-rays convincingly identified are the blazars at high galactic latitudes and the pulsars at low latitudes. Studies of individual unidentified EGRET γ-ray source fields have been inconclusive in locating the origin of their emission.
Comprehensive surveys of the field associated with these sources have met with limited success (see Mukherjee, Thompson & Grenier 1997 for a review). Several researchers have noted that the unidentified EGRET sources in the Galactic plane lie in proximity to star formation sites and supernova remnants (Yadigaroglu & Romani 1997 , Sturner & Dermer 1995 , Esposito et al. 1996 , while others report a correlation with OB associations and massive stars (Kaaret & Cottam 1996; Kaul & Mitra 1997; Romero et al. 1999 ). Efforts to identify the γ-ray sources at other wavelengths include systematic multifrequency radio 2CG 075+00, first observed by COS-B, is located in the Galactic plane. The revised COS-B position for the source is l = 76.1 • , b = 0.5 • , with an error radius of ∼ 1.0
• (Pollock et al. 1985) . In the Second COS-B Catalog, Swanenburg et al. (1981) note that the source structure could possibly be interpreted as containing extended features. The integrated γ-ray flux from the source at energies greater than 100 MeV was found to be 1.3 × 10
photons cm −2 s −1 , although no spectral information was available (Swanenburg, et al. 1981 ).
Since its launch in 1991, EGRET has observed the error circle of 2CG 075+00 several times. EGRET is sensitive to γ-rays in the energy range from 30 MeV to 30 GeV, with a point source sensitivity of ∼ 3 × 10 −7 ph cm −2 s −1 (> 100 MeV). It has an effective area observation. Fluxes have been plotted for all detections greater than 2σ. For detections below 2σ, upper limits at the 95% confidence level are shown. A χ 2 analysis can be used to calculate a variability index according to that defined by McLaughlin et al. (1996) .
Although somewhat arbitrary, the quantity V can be used to judge the strength of the evidence of flux variability. Following the classification used in McLaughlin et al. (1996) , we use V < 0.5 to indicate non-variability, and V ≥ 1 to indicate variability. In this case, we obtain V = 1.1 for 3EG J2016+3657 and V = 1.57 for 3EG J2021+3716. We note, however, that 3EG J2016+3657 and 3EG J2021+3716 are in a confused region (as indicated in the 3EG Catalog), and the variability numbers could be an artifact of the analysis, rather than being intrinsic to the sources. In comparison to the EGRET blazars, 3EG J2016+3657 and 3EG J2021+3716 have variability indices similar to a large fraction of the blazars detected by EGRET ).
The background-subtracted γ-ray spectra of 3EG J2016+3657 and 3EG J2021+3716
were determined by dividing the EGRET energy band of 30 MeV -10 GeV into 4 bins for 3EG 2016+3657 and 10 bins for 3EG 2021+3716, and estimating the number of source photons in each interval, following the EGRET spectral analysis technique of Nolan et al. (1993) . The data were fitted to a single power law of the form
, where F (E) is the flux, E is the energy, Γ is the photon spectral index.
The photon spectral indices of 3EG J2016+3657 and 3EG J2021+3716 were found to be, respectively, 1.99 ± 0.20 and 1.86 ± 0.10.
The X-ray Observations
The error boxes of both 3EG sources are covered by archival X-ray imaging observations acquired with the ROSAT and ASCA observatories. Two adjacent observations with each observatory fall nicely on the two 3EG error boxes. Historically, these fields have been ∼ 12 ks. The ASCA observations took place on 1995 May 29 -31, 1995 October 14 -15, and 1996 February 2. All data were obtained from the HEASARC archive at Goddard Space Flight Center and edited using the latest standard processing for each mission.
We created ROSAT ( Fig. 1) and ASCA ( Fig. 3 ) images of the region containing 3EG J2016+3657 and 3EG J2021+3716 by co-adding exposure corrected sky maps from each mission. These images are centered on the position of the earlier Second Catalog source, 2EG 2019+3719. However, the PSPC image size is large enough to include the 95 % error contours of both the 3EG sources. Note that the ASCA images are not centered on the EGRET positions, and only part of the error contour of 3EG 2016+3657 is covered by the ASCA observation. In both Fig. 1 and Fig. 3 we show the error circles of 2CG 075+00 with dashed lines. Also shown is the error circle of the GeV source GeV J2020+2658 (Lamb & Macomb 1997 ).
To search for a possible X-ray counterpart to the γ-ray sources, we examined the ROSAT point sources enclosed by the 95 % contours of the two 3EG sources. The detected positions are numbered in the image ( Fig. 1 ) and are tabulated in Table 1 . There are 9 bright sources in the ROSAT image of 3EG J2016+3657, but none that are significant within the error circle of 3EG J2021+3716. Note that Source 3 (indicated with an arrow) is very faint, and barely resolved in the ROSAT PSPC image. Its position is determined from the ROSAT HRI image shown in §4. There are at least 5 X-ray sources in the error circle of 2CG 075+00, which reached a minimum detectable intrinsic flux of 6.5 × 10 −13 erg cm The ASCA images were, similarly, searched for corresponding X-ray counterparts. In deriving the ASCA positions, we were able to use the ROSAT point sources seen in the ASCA images to improve the astrometry for the ASCA sources to 10 ′′ by registering the ASCA images using the overlapping ROSAT sources. There are no significant point sources in the ASCA image within the 95 % contour of 3EG J2021+3716. The ASCA image of 3EG J2016+3657 reveals 5 point sources which are indicated with numbers in Fig. 3 . Source numbers 1, 2, 3, 4 and 5 correspond to ROSAT sources of the same numbers in Fig. 1 .
To measure the ASCA and ROSAT source count rates we extracted photons using a 2 ′ radius aperture and estimated the background contribution using a large annulus away from the other source following the method described in Gotthelf & Kaspi (1998) . For ASCA, we define hardness ratio as
The ASCA and ROSAT sources are listed in Table 1 along with their background subtracted count rates, detection significances, and hardness ratios. We found no other point sources in the ASCA image at the level of 5σ or higher, other than those listed in Table 1 .
We have searched for counterparts of the X-ray sources in the ROSAT and ASCA images. Several of the sources have optical identifications and are listed in Table 1 . Source 1 is a known supernova remnant, CTB 87. Two of the sources can be identified with radio sources. Notes on the individual sources in Table 1 are given in the following section.
Notes on Individual Sources
CTB 87: Source number 1 in Table 1 is coincident with SNR CTB 87 (G74.9+1.2),
an extended source with a flat radio spectrum. G74.9+1.2 is a filled-center SNR in the radio with high polarization and a high frequency turnover. Its HI absorption indicates a distance of 12 kpc. It has a relatively flat spectrum in the radio with a spectral index of 0.26 ± 0.2 below 11 GHz, beyond which a transition to a steeper spectral index occurs with the spectrum steepening to an index > 1. (Morsi & Reich 1987; Salter et al. 1989) .
It is generally believed that filled-center SNRs are remnants in which a central object is responsible for the relativistic electrons, whose synchrotron emission is detected at radio frequencies (Koyama et al. 1997) . The flat radio spectrum is believed to be due to the central pulsar which injects particles into the nebula (Reynolds & Chevalier 1984) .
B2013+370:
The hard X-ray source marked '3' in the ASCA image ( Fig. 3) , that is barely resolved in the ROSAT PSPC image ( Fig. 1 ), is consistent with the radio source B2013+370 (G74.87+1.22). B2013+370 is a well-studied compact, flat-spectrum radio source that was first noticed during the study of the SNR CTB 87 (Duin et al. 1975) . It is located approximately 7 ′ west of the brightness peak of CTB 87. Wilson (1980) first noted the association of the radio source with an extended or possibly double X-ray source observed in the 0.15 -3.0 keV band with the Imaging Proportional Counter (IPC) on the Einstein Observatory. The IPC source, 1E 2013.7+3701, was situated roughly between the locations of our sources 2 and 3. The ROSAT HRI image (Fig. 4) , however, shows that the Einstein source is clearly resolved into two point sources, corresponding to sources 2 and 3.
Due to its proximity to the SNR, the possibility that B2013+370 and CTB 87 are related cannot be excluded. However, such an association is unlikely based on the requirements of an unprecedented velocity for the radio source if it were to be associated with the nearby SNR (see for example the arguments presented in Shaffer et al. 1978) .
In fact, B2013+370 has all the characteristics of a compact, extragalactic, non-thermal radio source and is typical of the many extragalctic sources seen by EGRET. Duin et al. (1975) report a radio spectral index of α = −0.2 at high frequencies (above ∼ 7500 MHz), and a low frequency spectral index of about α = +0.4 ± 0.06. The source exhibits a lack of recombination line emission, the presence of linear polarization and a spectrum consistent with a non-thermal source showing synchrotron self absorption below 8 GHz, as expected for a magnetic field of < 0.1 Gauss (Duin et al. 1975) . VLBI measurements indicate an angular extent of < 0.001 ′′ at 8 GHz and > 0.009 ′′ at 0.8 GHz (Weiler & Shaver 1978) .
From its radio properties, B2013+370 is very likely to be a flat-spectrum radio quasar or a BL Lac object. It has a 5 GHz flux of about 2 Jy (Duin et al. 1975) , typical of many blazars seen by EGRET. In addition, B2013+370 is detected at 90 GHz and 142 GHz with the IRAM 30 m telescope and exhibits variability at these wavelengths, a specific property of EGRET blazars (Bloom et al. 1999 , Mattox et al. 1997 . This is demonstrated in Fig. 5 which shows the light curves of B2013+370 at 90 GHz and 142 GHz, measured between 1993 and 1995 (Reuter et al. 1997 ).
HD 228766: This is a Wolf-Rayet star, also known as SAO 69765 (Hog et al. 1998) , and is the counterpart to source number 6 in Table 1 . It has a B magnitude of 9.72 and a V magnitude of 9.22 Its spectral type is O5.5f.
HD 193077: Source number 7 in Table 1 is a bright (B = 8.34, V = 8.06) Wolf-Rayet star, HD 193077 (Perryman et al. 1997) , also known as SAO 69755. The star corresponds to WR 138 in the Wolf-Rayet catalog (van der Hucht et al. 1981) . Its a star of the WN sequence (subtype WN5+OB), with its spectra dominated by broad emission lines of helium and nitrogen (Lepine & Moffat 1999) .
CCDM J20215+3758A: Together with CCDM J20215+3758B, this corresponds to a double star system and is the counterpart to Source 12 in Table 1 . The USNO-A2.0 catalog gives the magnitudes of the two stars as follows: CCDM J20215+3758A: R = 11.6, B = 12.1, and CCDM J20215+3758B: R = 11.9, B = 13.5.
HD 229153: This is the counterpart to source 13 in Table 1 (Hog et al. 1998) . It is a bright star (B = 10.09, V = 9.14) of spectral type BOIab.
We also find three of the other X-ray sources to be coincident with bright stars in the (Fig. 4) , not listed in Table 1, We do not find any likely counterparts in the literature to the other remaining sources in Table 1 .
Optical Observations
We obtained CCD images in the R band using the 2.4m telescope of the MDM Observatory on 2000 April 24, and in the I band on March 18 using the MDM 1.3m. The regions covered were 2 ′ × 2 ′ on the 2.4m, and 8 ′ × 8 ′ on the 1.3m. In seeing of 0. ′′ 75, an optical object of R = 21.6 ± 0.2 is detected at (J2000) 20 15 28.76, +37 10 59.9 in the USNO-A2.0 reference system (Monet et al. 1996) , with an uncertainty of 0. ′′ 3. This coincides with the NVSS position (Table 2) of the blazar B2013+370, identified with X-ray source 3, as shown in Figure 6 . This object was also detected optically by Geldzahler et al. (1984) , who found I = 19.5 ± 0.5, while also noting that it appeared extended. Our R-band image shows that the object closest to the radio position is unresolved, while a fainter object 1. ′′ 7 to the northwest was almost certainly responsible for the extended appearance in the Geldzahler et al. (1984) image. Assuming standard conversions of N H to extinction, the absorption in the R band is ≈ 5.1 mag to an extragalactic object, making its intrinsic magnitude R = 16.5. Our I-band images have inferior seeing, but they also detect the blended pair at the radio position, as well as optical objects at the positions of X-ray sources 2 and 4. However, in the absence of further information such as radio detection or optical spectroscopy, the severe crowding and Galactic extinction makes the identification of these additional X-ray sources by positional coincidence alone dangerous, even from HRI positions.
Other Radio Sources
We have searched the NRAO/VLA Sky Survey (NVSS) catalog (Condon et al. 1998) of 1.4 GHz radio sources for other possible counterparts to the X-ray and γ-ray sources. A search within the error box of 3EG J2016+3657 revealed 126 radio sources. Of these, only 5 had integrated radio fluxes > 0.3 Jy and are shown in Fig. 7 and Table 2 . The two brightest of these are positionally coincident with the ROSAT and ASCA sources 1 (CTB 87) and 3 (B2013+370). The two sources clustered near CTB 87 are actually extended regions within the supernova remnant. None of the other NVSS sources match the positions of the X-ray sources in the ASCA and ROSAT images.
There are two bright (> 0.3 Jy) radio sources within the error circle of 3EG J2021+3716 (see Fig. 7 , Table 2 ). Both of these were also detected by IRAS, and were shown to be H II regions from their radio recombination lines (Lockman 1989) .
A search of the Westerbork Northern Sky Survey (WENSS) catalog ( WNB2019.7+3718B and WNB2019.7+3718C, which correspond to the HII regions also seen in the NVSS data (see Table 2 ).
Discussion
Our study of archival X-ray (ASCA and ROSAT) data yields several faint sources within the error boxes of the two 3EG sources. The region contains bright stars, the SNR CTB 87, a compact radio source, and HII regions.
The presence of the SNR CTB 87 (G74.9+1.2) in the field of 3EG J2016+3657 is potentially quite important in light of the γ-ray source/SNR associations noticed in previous investigations (Sturner & Dermer 1995; Esposito et al. 1996) . Gamma-ray production from SNRs, Wolf-Rayet stars and OB associations is expected in several theoretical models.
This subject was extensively investigated in the past for COS-B sources (Montmerle 1979; Völk & Forman 1982) , and recently for EGRET (Romero et al. 1999; Esposito et al. 1996; Kaaret & Cottam 1996) . If the γ-ray emission were from a young pulsar associated with the SNR, a conclusive way to prove this would be to find pulsations. This is unfortunately not possible for such a weak X-ray source.
However, the energetics of the CTB 87 remnant are far from adequate to produce a source detectable by EGRET at the inferred distance of 12 kpc. Wilson (1980) argued convincingly that the X-ray luminosity of CTB 87, which is 100 times less than that of the Crab, implies that the spin-down power of the embedded pulsar must be correspondingly less, IΩΩ ≈ 1 × 10 36 (d/12 kpc) ergs s −1 . Even assuming that 100% of this power is emitted in the EGRET energy band, the resulting flux of 6 × 10 −11 ergs cm −2 s −1 is 20 times less that the EGRET measured average flux of 3EG J2016+3657. This argument is insensitive to distance as long as the X-ray synchrotron nebula is considered a calorimeter of the present pulsar power. If, instead, CTB 87 hosts a Geminga-like pulsar whose energy is no longer trapped by the nebula, and is maximally efficient in the production of γ-rays, then we would expect a spin-down power of only ∼ 3 × 10 34 ergs s −1 . Such a pulsar is inadequate to explain the flux of 3EG J2016+3657 unless it were at d < 500 pc, which is certainly ruled out by the H I and X-ray measured column density to the SNR. We believe that the SNR CTB 87 is an interesting Crab-like remnant, but is too weak and too far away to be a good candidate for the EGRET source 3EG J2016+3657.
Similarly, neither the bright stars in the X-ray images nor the H II regions are likely to be responsible for the EGRET source.
We believe that the most likely candidate for 3EG J2016+3657 is the radio source B2013+370, described in §4. Based on its radio properties B2013+370 is very likely to be a blazar, similar to the others seen by EGRET. Mattox et al. (1997) find that only the brightest radio-flat AGN can be identified with EGRET sources with any level of confidence, and demonstrate that there is a high degree of correlation between γ-ray and radio fluxes of EGRET blazars. EGRET has detected more than 65 active galactic nuclei (AGN) (Hartman et al. 1999) , almost all of which can be classified as blazars. The blazars seen by EGRET all share the common characteristic that they are radio-loud, flat spectrum sources, with radio spectral indices 0.6 > α > −0.6 (von Montigny et al. 1995) . Several of these blazars exhibit superluminal motion of components resolved with VLBI (e. g., 3C
279, 3C 273, PKS 0528+134). The blazar class of AGN includes highly polarized quasars, BL Lac objects, or optically violent variable (OVV) quasars. The sources are characterized by one or more properties of this source class, namely, a flat radio spectrum, a continuum spectrum that is non-thermal, optical polarization and strong variability. For most EGRET blazars, the γ-ray luminosity dominates that other wavebands.
The probability that the blazar B2013+370 is the correct identification for the EGRET source 3EG J2016+3657 can be estimated by following the calculations presented by Mattox et al. (1997) . The a priori probability that EGRET will detect a random flat-spectrum blazar with a 5 GHz flux of 2 Jy is 5.8% (Mattox et al. 1997 ). However, since in this case there is an EGRET source at this location, the conditional (a posteriori) probability must be used, which takes into account the fact that a gamma-ray source has already been detected. The a posteriori probability that a blazar of the type that we see in the error circle of an EGRET source is in fact the correct identification is about 98.8%. The factors that enter into this calculation are the radio flux (2 Jy) and spectral index (+0.3), the 95% error radius of the EGRET source (0.55 • ), the distance of the radio source from the center of the EGRET circle (0.27 • ), and the mean distance between radio sources which are at least as strong and at least as flat as this one (∼ 16.7
• .) Fig. 8 shows the spectral energy distribution of B2013+370, assuming that it is the EGRET source 3EG J2016+3657. The figure shows the relative amounts of energy detected in equal logarithmic frequency ranges. The radio fluxes were obtained from the NRAO/VLA Sky Survey, the Westerbork Northern Sky Survey (see §4.2 ), and from a compilation of radio fluxes in Weiler and Shaver (1978) . The fluxes at mm wavelengths were obtained from Reynolds et al. (1997) , taken with the IRAM 30 m telescope. The optical point was measured by us at the MDM Observatory and has been corrected for extinction ( §4.1). The estimated unabsorbed X-ray flux for source 3 (=B2013+370) in the Asca band of 1 -10 keV is (6 ± 1) × 10 −13 erg cm −2 s −1 , and in the ROSAT band of 0.1 -2.4 keV is (1.9 ± 0.2) × 10 −12 erg cm −2 s −1 . For the flux estimations we have assumed N H = 10 22 cm −2 , and a power-law photon index of 2. The data in Fig. 8 are not contemporaneous.
The EGRET spectrum was derived as explained in §2.
The broad band spectrum shown in Fig. 8 is that of a typical EGRET blazar, dominated by the power output in γ-rays. The spectrum shows the characteristic features of a blazar, with a synchrotron peak at lower energies, and an inverse Compton peak at higher energies. The high γ-ray luminosity of a blazar suggests that the emission is likely to be beamed, and therefore Doppler-boosted, along the line of sight. In this scenario, synchrotron radiation from high-energy electrons in a relativistically outflowing jet are responsible for the radio to UV continuum. The high-energy photons come from inverse
Compton scattering of low-energy photons by the same relativistic electrons in the jet.
Details of this model remain unresolved (e.g. see Hartman et al. 1997 , for a review). The relative power output in γ-rays for B2013+370 is less than that of a typical flat-spectrum radio quasar seen by EGRET, and is more similar to that observed in BL Lac objects. The location of the broad synchrotron peak in the optical-IR band rather than in the X-ray band is an indication that B2013+370 could be a low-energy peaked BL Lac object (LBL), according to the classification suggested by Giommi & Padovani (1994) .
We believe that the association of 3EG J2016+3657 with B2013+370 is real and that the source of both is most likely a blazar. Table   1 . (Data compiled from Reuter et al. 1997 ). 
